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Abstract 
Gamma radiation (3, 6 and 9 kGy) in combination with low temperature (-20°C) were 
applied to retain the quality and shelf-life of shrimp, Penaeus monodon for a longer 
period. The quality was assessed by monitoring the chemical (TVN, TMA) and sensory 
changes in irradiated and non-irradiated (control) samples. Among chemical indicators 
of spoilage, total volatile nitrogen (TVN) values for irradiated shrimps were found to be 
2.26, 2.18 and 1.57 mg N/100 g of sample at 3, 6 and 9 kGy respectively after 90 days 
whereas for nonirradiated samples it was found 2.45 mg N/1 00 g of sample. 
Trimethylamine (TMA) value for non-irradiated samples after 90 days were found 2.30 
mg N/100 g sample whereas that for irradiated shrimps at 3, 6 and 9 kGy were found to 
be 2.10, 2.08 and 1.98 mg N/100 g sample respectively. The sensory scores of control 
sample were gradually decreased with the progress of storage period. From this study, it 
was clear that gamma radiation in combination with low temperature showed shelf-life 
extension (90 days) in each dose of radiation used but during the use of 9 kGy radiation, 
P. monodon showed best quality. 
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Introduction 
Bangladesh has favorable conditions for shrimp farming. Fish is extremely perishable 
and requires quick preservation. In Bangladesh, considerable time required to reach the 
destination which varies according to location and often takes a considerable portion of 
normal shelf-life of lots of fish species (Coulter et al. 1987). To extend the shelf-life of 
fish and fishery products, ice storage and xapid chilling (Himelbloom et a!., 1994) and 
rapid chilling, low temperature freezing, modified atmosphere packaging (Masniyom el 
al. 2002) organic acids, antimicrobials (Al-Dagal el a!. 1999, Gelman et al. 2001) and 
ionizing radiation techniques are used (Venugopal el al. 1999). Shrimps are preserved by 
the application of low temperature but the shelf-life of preserved fish is not satisfactory. 
So the developed technique to extend shelf-life is essential to lessen the loss. Various 
experiments made it clear that no adverse health effects occur when irradiated foods are 
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consumed, using mean doses of irradiation of up to 10 kGy (Diehl el al. 1995, Rady el al. 
1988). The validity of this technique is already recognized in many countries, including 
Canada, USA and the European Union (Tauxe et al. 2003) for many food products 
(Pszczola et al. 1990) including shrimps. Food irradiation inhibits sprouting, 
destruction of food borne insects and parasites, delay of physiological ripening and 
extension of shelf-life or improvement of food qualities (Kim et al. 2005). 
Some chemical changes are produced by irradiation, which although lethal to living 
organisms like food borne bacteria (Alur et al. 1994), do not affect the nutritional quality 
of the food (Doyle et al. 1999) but results production of small amounts of radiolytic 
products (Merritt et al. 1988). These substances sometimes cause characteristic off-odors 
(Robins el al. 1991). Combination of food irradiation and freezing provide a means to 
increase shelf-life of fish products. In this study effect of gamma radiation (3, 6 and 9 
kGy) in combination of refrigeration (-20°C) were applied on shrimp (Penaeus monodon) 
to observe the increase in shelf-life. 
Materials and methods 
Shrimp samples 
Tiger shrimp used in this experiment were collected from Snow King Frozen Foods 
(Pvt) Ltd., Mirpur-1, Dhaka and the factory authority collected the tiger shrimp from 
Rupsa, under the District of Khulna. Then blocked (-20° C) tiger shrimp taken in a ice 
box and immediately brought in the laboratory of Food Processing & Preservation 
Division, IFRB, AERE, Savar, Dhaka. The entire samples were at first randomly 
divided into four lots: non-irradiated (control) and irradiated (3, 6 and 9 kGy). Control 
sample was kept at -20°C within polypropyl polythene bags for preservation purposes 
without radiation. 
Irradiation 
Samples were irradiated using a Cobalt60 radiation source. Doses applied in this 
study were 3, 6 and 9 kGy. Before irradiation the samples were kept in 
polypropylene/polythene bags under atmospheric condition. 
Storage conditions 
The non-irradiated and irradiated samples were subsequently stored at -20°C. All 
samples were examined at the 0, 15, 30,45,60,75 and 90 days of storage period. 
Chemical analysis 
Conway microdiffusion technique was (Conway and Byrne 1933) employed for the 
estimation of TVN. Tvvo gm sample was taken separately in conical tlask from each 
batch. Then 10 ml of 10% Trichloacetic acid (TCA) solution was added with the sample 
and kept overnight. Then next day it was grounded in mortar and pastel and filtered 
through filter paper and volume made up to 50 ml in volumetric Dask. Tv,ro ml of 2% 
boric acid solution was taken into the inner chamber of the Conway dish. Glass lid, 
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which was applied with grease surrounding the side way covering the Conway dish in 
such a way that outer chamber of the Conway dish was partially open. This was done to 
prevent the absorbed the N2 from atmosphere. Then 2 ml of sample extract was taken 
into outer chamber a finally 2 ml of saturated K2C03 solution was added with sample. 
Then the lid was fixed immediately and left it over night at room temperature. On 
following day titration at the residual boric acid solution was done by standard N/70 
H 2S04 solution through micropipette. Finally TVN values were calculated. In case of 
Tlv1A, same procedure (procedure of TVN) was followed, except that 1 ml of 40% 
formaldehyde solution was added to outer chamber of Conway dish before adding 
K2C03• The values ofTVN and TMA were expressed in mg N/100 gm fish. 
Sensory analysis 
Sensory evaluation for the detection of freshness or shelf-life of the stored shrimp 
and consumer's acceptance was performed with high degree of reliability by sensory 
evaluation. Peryam and Pilgrim (1957) had developed a useful method for assessing the 
overall acceptability of food products. Nine points' hedonic scales were used for sensory 
evaluation by five judges (Miyauchi ct al. 1964). Incase of sensory analysis, the shrimps 
were judged into some classes like appearance, colour, odour, texture, etc. 
Statistical analysis 
Analysis of variance CANOVA) was employed to find out the level of significance 
between different treatments and days of storage. Effects of treatments were studied 
using ANOVA (p<0.005). 
Results and discussion 
Chemical analysis 
TVN content of non-irradiated and 3, 6 and 9 kGy irradiated samples stored at -
20°C is shown in Table 1. The initial TVN values were 1.05±0.01, 1.12±0.01, 1.17±0.01 
and 0.88±0.01 mg N/100g respectively for comrol, 3, 6 and 9 kGy. The TVN values were 
2.45±0.01, 2.26±0.01, 2.18±0.01 and 1.57±0.01 mg N/100g respectively for control, 3, 6 
and 9 kGy at the end of 90 days storage periods. Comparing the treatment, the lowest 
TVN value was found in the 9 kGy treatment group while the highest value was 
measured in the control group. The TVN values were gradually increased with the 
progress of storage period. Under investigation best result of TVN value were found at 
the treatment dose of 9 kGy. 
Tanikawa (1935), Yamamura (1938), Shewan (1942, 1975), (Stansby et al. 1954) 
and Ota (1985) also found that the total volatile nitrogen (TVN) increased with the 
increase of time during spoilage and all of them suggested that 30 mg N/100gm of fish 
muscle should be taken as the upper limit for acceptability. Wierzchowski (1956) 
estimated the acceptable limit of TVN in fresh water fish as 35mg N/lOOg of sample. 
According to Cannel (1975) the acceptability ofTVN was 30 to 35mg N/lOOg of sample. 
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Table 1. Total Volatile Nitrogen (TVN, mgN/100g) in control and irradiated tiger shrimp, P. 
mmwdon during 90 days storage period at -20°C 
Duration (day) Level of Radiation (KGy) 
Control 3 6 9 
Control 1.05 ± 0.01d 1.12 ± 0.01" 1.17 ± 0.01" 0.88 ± 0.01° 
15 1.22 ± 0.01 d 1.28 ±0 .01 de 1.40 ± 0.01" 1.06 ± 0.01 ed 
30 1.58 ± O.Olc 1.40±0.0Jcd 1.58 ± 0.01" 1.16 ± o.ole 
45 1.76 ± 0.01be 1.64 ± .001 be 1.75 ± 0.01" 1.23 ± 0.01 be 
60 1.92 ± O.Olb 1.86 ± O.Olh 1.92 ± 0.01" 1.28 ± 0.01 be 
75 2.28 ± 0.01" 2.22 ± 0.01" 2.11 ± 0.0 1" 1.40 ± 0.01"b 
90 2.45 ± 0.01" 2.26 ± 0.01" 2.18 ± 0.01" 1.57 ± O.OP 
.. . . 
Rows wnhm column and rows means(± SEM) w1th different letters denote sJgnrficant differences (p<O.OS); 
where different letter indicates significance between and within column 
From the present investigation it was found that the TVN values were acceptable 
throughout the storage period. The TVN values were gradually increased with the 
progress of storage period. Under investigation best result of TVN value were found at 
the treatment dose of 9 kGy. The combination of irradiation and low temperature 
preservation used in this study results in very low level of TVN production after a 
storage period of 90 days. At the beginning of storage TMA value of control, 3, 6 and 9 
kGy treated samples were 0.84±0.01, 0.87±0.01, 1.05±0.01 and 1.05±0.01 respectively. 
After 90 days storage period TMA value of that storage samples were 2.30±0.01, 
2.10±0.01, 2.08±0.01 and 1.98±0.01 respectively. Comparing the TMA value, the lovvest 
value of TMA was found in the 9 kGy treatment group while the highest value was 
measured in the control group (Table 2). 
Table 2. Trimethylamine (TMA, mg N/100 g) in control and irradiated tiger shrimp, P. monodon 
during 90 days storage period at -20°C. 
Duration (day) Level of Radiation (KGy) 
Control 3 6 9 
Control 0.84 ± o.o1r 0.87 ± 0.01 e 1.05 ± O.Olct 1.05 ± 0.01 c 
15 1.05 ± 0.01 cf 1.03 ± 0.01" 1.22 ± 0.01° 1.28 ± 0.01° 
30 1.35 ± 0.01°" 1.28 ± O.Old 1.40±0.01e 1 .40 ± 0. 0 1 ed 
45 1.57 ± 0.01 ed 1.40 ± 0. 01 ed 1.57 ± 0.01 e 1.52±0.01e 
60 1.75 ± O.OJ be 1.63 ± 0.01he 1.84 ± O.Olb 1.75 ± 0.01b 
75 1.92 '±: Q,Olh 1.86 ± O.Olb 1.95 ± O.Ol"b 1.86 ± O.Ol"b 
90 2.30 ± 0:01" 2.10 ± O.Ol'i 2.08 ± 0.0.1" 1.98 ± O.OP 
.. Within column and rows means(± SEM) With different letters denote s1gmticant differences (p<O.OS); where 
different letter indicates significance between and within column and row. 
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TMA is one of the volatile basis compounds, ·which is found in very low amount in 
freshwater fishes but this accumulates in spoiling marine fishes, as a result of bacterial 
reduction of TMAO (Trimethylamine oxide), reported by Ahmed et al. (1988). 
According to Yamamura (1938), in case of marine fish acceptable limit of TMA is 30 
mgN/100gm of fish. But according to Connel (1975) and Huss (1986) suggested that the 
TMA value ranged from 10-15mgN/100g of fish muscle was the upper limit of 
acceptability. The production of TMA was retarded considerably in the irradiated 
samples as compared to the control samples. The effect of irradiation was well effective 
in the rate of TMA accumulation. Suppression of TMA accumulation in the irradiated 
samples indicated that micro flora was capable of producing TMA were probably 
selectively removed by irradiation (Chang 1974). During the storage period of 90 days, 
the lowest TMA value found in 9 kGy irradiated sample and storage of sample at -20°C 
after irradiation gives better result and is more acceptable. Such pattern of spoilage was 
also obtained from the findings of Ahmed et al. (1981), Hossain et al. (2000, 2001). It was 
found from the present study that effect of treatments differs significantly (p < 0.05). 
Sensory analysis 
Muscle of live fishes is more or less si:erilized but after death autolytic, bacterial and 
other changes occur. The physical changes could be perceived with sense organs. These 
changes are the average of over all acceptability in respect of appearance, odor, color, 
texture. Organoleptic scores (OS) or sensory scores were shown in Table 3. Sensory 
scores ofTiger shrimp come down 9.00±0.01 to 6.00±0.15, 9.00±0.01 to 6.75±0.05, 9.00 
±0.01 to 7.07±0.04 and 9.00±0.01 to 6.58±0.07 in control, 3, 6 and 9 kGy respectively 
after 90 days of storage period. The sensory score were gradually decreased with the 
progress of storage period. Under investigation best result of sensory scores were found 
at the treatment dose of 6 kGy. 
Table 3. Organolepticscores in control and irradiated tiger shrimp, P. monodon during 90 days 
storage period at -20°C. 
Duration (day) Level of Radiation (KGy) 
Control 3 6 9 
Control 9.00 ± 0.00" 9.00 ± 0.00" 9.00 ± 0.00" 9.00 ± 0.00" 
15 8.25 ± o.o5b 8.55 ± O.lOh 8.60 ± o.o5b 8.80 ± 0.05" 
30 8.00 ± 0.15bc 8.10 ± 0.01" 8.18 ± 0.02c 8.37 ± 0.07b 
45 7.45 ± o.o5cd 7.75 ± o.o5cd 8.13 ± 0.03c 8.03 ± 0.03c 
60 7.05 ± 0.1 O"" 7.35 ± 0.10"c 7.68 ± 0.03" 7.18 ± 0.08" 
75 6.55 ± 0.20"r 6. 95 ± O.lO"r 7.28 ± 0.07c 6.90 ± 0.05" 
90 6.00 ± O.l5r 6.75 ± o.osr 7.07 ± 0.04c 6.58 ± 0.07" 
. . . . ... Within column and rows means(± SElvl.) with different letters denote sJgntfJcant differences (p<O.OSI; where 
different letter indicates significance between and within column and row. 
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Ingram and Rhodes (1962) claimed that the higher dose of radiation in the vicinity 
of 3 and 5 kGy had cause noticeable changes in odor, texture and appearance of fish. 
Desrosier (1963) observed that gamma irradiation prevented the microbial growth by 
sterilization the microorganisms and the rays also had effect on protein, fat, lipid and 
enzymes in fish. (Miyauchi et al. 1964) suggested that the average sensory score of 5 
might be accepted in case of sensory test. Thus the control and treated sample of Tiger 
shrimp was acceptable up to 90 days of storage period. 
In this study, it was found that with the increase of storage period the sensory score 
rapidly decreased in the control shrimp than those irradiated shrimp of different doses. 
Tiger shrimp irradiated with 6 kGy has the longer shelf-life than other treatments and 
then 9 kGy and 3 kGy. Due to microbia! spoilage with the increase of storage period, the 
appearance, odor, color and texture deteriorate and the sensory scores decreases. Results 
of 6 kGy is better than 9 kGy which might be due to the fact that high dosing of 
irradiation damage the texture. 
Due to lack of proper techniques of preservation, a significant amount of shrimps 
and prawns have been lost every year. So, inquest new and pertinent technology of 
preservation is essential to protect this loss worldwide. Various factors contribute to the 
spoilage and deterioration in the quality of the products. In the present study, attention 
was paid to investigation the effects gamma irradiation on frozen tiger shrimp. To 
extend the shel- life, Tiger shrimps were treated with gamma irradiation (3, 6 and 9 
kGy) and stored at low temperature (-20°C) for 90 days for determining the shelf-life 
extension of these shrimp samples. Some parameters such as sensory score, total volatile 
nitrogen (TVN), Trimethylamine (TMA) were evaluated in every 15 days interval. The 
maximum shelf-life was found with radiation dose of 9 kGy. From the study, it can be 
concluded that irradiation (9 kGy) in combination with low temperature is an efficient 
method for long time preservation. 
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